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The Diet of Women's College Students (Part 9) 
--Yearly change of the Bone Mineral Density 
and Examination of the Life Style--
NAGANO Kimiko 
SUMMERY 
This study aims at examining the relationship between bone mineral density (BMD) 
and the life style of junior college students from the viewpoint of osteoporosis prevention 
with the advent of the aging society, and at the same time aims at finding the direction 
to follow in the nutrition education which is part of the health education. As for bone 
density measurement of metacarpus and calcaneum division, my previous reports showed 
that the caution group whose bone density was low accounted for more than 10% .1• 2l 
Such a tendency manifested in the juvenile is very alarming, especially when frequent 
fracture and lifestyle related disease are often observed during the period of growth. 
In this research, how and why the bone density changes over the period of one year 
were examined. 
The result is shown below: 
1. BMD mean value of the subjects was 2.5 ± 0.20 CrGS/D) for the 1 st year students, 
and 2.6±0.20 (.EGS/D) for those of the 2nd year. This value is almost equal to the refer-
ence value of the 20-year-old girls. 3l 
2. The change of the bone density over the period of one year was + 0.07 (.EGS/D). 
Group A denoting minus change of the bone density accounted of 20.8% of all the sub-
jects, group B denoting ± 0 change 5.5%, group C denoting more than 0.09 point 56.4%, 
and group D denoting less than 0.1 point 17 .3%. The investigation suggests that the bone 
density has increased in two-thirds of the whole subjects. 
3. The mean value of the BMI, 21.0±2.02 was within the normal-range. The subjects 
whose BMI was less than 20 (including 20) occupied 36%. The minimum value of the 
BMI was 17.1, and the maximum one was 31.3. There was a wide distribution ranging 
from the slimness to the obesity. "Slimness" was distinct in the group whose BMD was 
low. 
4. The fill-rate of the calcium was 117% in group A. Those of the other three groups, on 
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the other hand, were all as low as 70% level. 
5. As for the relation between the frequency of milk intake and bone density, the signifi-
cant difference was not recognized. 
6. The results of the multiple regression analysis in which the bone density was used as 
an explanatory variable showed that the maximum oxygen in-take and the number of 
steps were in the positive partial correlation coefficient. 
PURPOSE 
In our country, people worry about the increase in the absolute number of osteoporo-
sis as more people become older each year. As a health countermeasure, the research of 
the BMD has been done as far as the field of childhood, in parallel to the research of ju-
venile disease caused by their lifestyle and later the childhood syndrome, and the cross-
ing research is thought of as important. 
When considering the health of the bone, the most important point is to gain as high 
BMD as possible in the period of growth. At the same time, the lifestyle habit must be 
paid utmost attention until young people in their growing period reaches the best bone 
density. 
For the purpose of getting the basic data for the health education, the writer has 
been continuing the investigation of food practice situations including the physical ele-
ment for the junior college students, and has reported that there remain many problems 
in that the group of students whose physique index, that is BMI, is 20 or less, which 
shows their slimness tendency, occupies about 40%. 4> In this report, the investigation was 
carried out for to clarify how the bone density of the subjects has changed during their 
period of one year as compared with results of the same subjects conducted last year, and 
how the life factor has affected their bone density. And the analysis examination was 
also carried out. 
METHOD 
The survey was conducted in the following manners : 
1. Subjects and term: The subjects consisted of 93 (valid 87) students, who are the 2nd 
grade at Tezukayama Junior College. The term was from October through December in 
1996. 
2. Items of the survey : In the forms of self writing questionnaire, they filled in the de-
tails of their food intake at every meals they had for three consecutive days. As for the 
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inadequate point, it was checked with the attached photograph, and the reconfirmation 
was made. The food practice attitude survey (table 1) was carried out in order to grasp 
the intake situation in which they take food customarily. In the questionnaire the stu-
dents had to choose among three alternative questions. 
3. For the calculation of energy consumption was used Time Study. They recorded all 
the behavior from their getting up till going to bed for any one day during the term. The 
number of steps was measured with the pedometer. 
4. Their body weight and somatic fat rate and fat-free mass (body fat gauge TBF -102 
Tanita) were measured by the impedance method. The measurement of the standing 
height followed the conventionally fixed way of measurement. The BMD was measured 
by BONARYZER (Teijin) CXD method (L'GS/D). The measurement position was made to 
Table 1 A Survey of the Students' Attitude toward their Dietary Life For the following 
eleven questions, circle one answer which is approproate to the question 
1. How much do you usually eat at a meal? 
1. a little 2. neutral 3. much 
2. Do you eat a snack between meals and/or mid-night meals? 
1. no 2. sometimes 3. everyday 
3. Do you take milk (including skimmed milk) 
1. no 2. 3 or 4 times a week 3. everyday 
4. Do you take into consideration the combination of a variety of food? 
1. no 2. neutral 3. yes 
5. Do you have too many likes and dislikes in what you eat? 
1. no 2. yes, but a little 3. almost yes 
6. Which do you usually have more, western cakes or Japanese ones? 
1. Japanese 2. not definitely 3. western 
7. Which do you usually have more, fish or meat? 
1. meat 2. not definitely 3. fish 
8. Do you eat out? 
1. almost - go to question 11 
2. 2 or 3 times a week 
3. everyday 
9. Those who have circled answer 2 or 3 in question 8 are requested to answer these 
three questions? 
1. eating out for breakfast 
2. eating out for lunch 
3. eating out for supper 
10. Which kind of food do you have most frequently when you eat out? Give the numeri-
cal number in order from the highest. 
( ) a meal of fixed menu 
( ) bread and milk 
( ) bread 
( ) noodles 
( ) meals consited mainly rice (such as curried reice) 
11. What do you think of your figure of body? 
1. considerably lean 
2. lean a bit 
3. neutral 
4. fat a bit 
5. considerably fat 
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be a second metacarpal bone. And the load added test and physical strength measure-
ment were conducted in the following items: intake of maximum oxygen (ml/kg/min), 
momentary reaction power (em), quick movement ability (sec), keeping balance (sec), and 
flexibility (em) with the cooperation of the N ara Foundation of Longevity. 
5. Statistical analysis : In the nutritional value calculation the same analysis as in the 
previous report was made. The data of BMD was compared with that in the 1995 fiscal 
year. Based on the mean value of the BMD for the 2 nd grade students, they were classi-
fied into two groups : the group having the higher BMD and the one having the lower 
BMD, and the two groups were compared and examined. According to the degree of the 
BMD transition over the period of one year, the subjects were classified into four groups: 
the group A whose transition degree has decreased ( -0.01 ~ ), the group B whose transi-
tion degree has shown no change (±0). the group C whose transition degree has a little 
bit increased (0.01-0.09), the group D whose transition degree has increased ( +0.1). 
On the statistical test of each group, the t-test was used. The BMD was made with 
the explanatory variable in order to examine the factor which affects the BMD, and the 
multiple regression analysis which makes standing height, body weight, exception fat, 
maximum oxygen, walking number, intake energy, milk intake frequency to be an inde-
pendent variable was done. 
RESULT 
1. Amthropometric measurements and BMD : The result of each survey is shown by 
item in table 2. As for the BMD, the number of those who are over the 20-year-old ref-
erence value 2.693(.EGS/D)4> accounts for 27.6% in the case of 2nd grade students and 
21.8% in the case of 1st grade students, which shows the increase of 5.8 points compared 
with the values gained last year. The BMD of metacarpus has increased by 7 points over 
the period of one year, that is, the slope of the linear regression in the graph has risen by 
7 points (figure 1). And its average BMD was 2.54±0.20 (.EGS/D) for 1st grade students 
, and 2.61±0.20 (.EGS/D) for 2nd grade students, which means 0.07 (.EGS/D) increase 
over the period of one year. This suggests rather gentle rate-of-climb. Table 3 and Fig-
ure 2 and 3 show the bone density values of the higher BMD group and the lower BMD 
group. As is easily understood, the distributions in Figure 2 and 3 are almost alike. The 
ratio between the number of the students belonging to the lower group and that to the 
higher one was 0.52. As the result of grouping based on the BMD transition, those whose 
BMD has increased account for 73. 7%, and those whose BMD has not changed 5.5%, and 
those whose BMD has decreased 20.8%, and there was a change seen concerning 94.5% 
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Table 2 Mesured Value of Physical Biometry, Physical Strength Measurement, Properties 
of Blood & Nutrition Intakes. Mean Value, Standard Deviation and Coefficient of 
Variation (n = 87) 
Variable Mean (SD) cv Range 
Height (em) 157.2 (5.47) 0 144-171 
Weight (kg) 52.9 (7.96) 20 32-78 
BMI (kg/m2) 20.9 (2.32) 11 17.5-31.2 
LBM (kg) 38.3 (4.91) 10 27.3-52.4 
:t:MD (EGS/D) 2.6 (0.19) 8 2.1-3.0 
V 02max (ml/kg/min) 35.7 (10.41) 26 10-71 
Wink Power (em) 43.2 (5.83) 13 30-56 
Quickness (sec) 0.3 (0.04) 11 0.25-0.46 
Balance (sec) 46.7 (54.84) 92 3-310 
Flexibility (em) 8.2 (7.03) 70 -11-20 
Tri-gly (mg/dl) 67.5 (29.1) 40 26-207 
HDL-ch (mg/dl) 64.5 (14.06) 20 38-113 
Energy (kcal/d) 1768 (315) 20 1031-3577 
Protein (g/d) 70.6 (13.49) 21 26.2-117.4 
Calcium (mg/d) 519 (202) 38 226-955 
Nacl (g/d) 9.1 (2.7) 37 4.0-17.5 
Vit. A (IU/d) 2420 (1672) 56 973-5723 
Vit. B1 (mg/d) 0.7 (0.25) 27 0.23-1.47 
Vit. B2 (mg/d) 1.8 (0.55) 55 0.19-1.90 
Vit. C (mg/d) 45 (30.2) 50 9-140 
Vitamin A, B1, B2 and C considered a loss depending on cooking. 
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Fig. 1 Yealy change of the bone density (1995, 1996) 
of the whole students. The BMD of the 4 groups and other values measured are shown in 
Table 4. The group D shows the highest value of all the 4 groups in the number of steps 
and maximum oxygen in-take. There was no difference recognized in the physique. 
2. Physical strength test and the number of steps : Between the higher value and the 
lower value one, there was a difference in the items of maximum oxygen intake and the 
number of steps. The values of the other items are lower than the national average value 
except the case of the instantaneous force, especially, the balancing test(standing on one 
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Table 3 The data of the higher value group and the lower value group 
group Lower n=45 Higher n=42 
Height (em) 157.0±5.54 158.8±5.17 
Weight (kg) 53.6±8.19 52.1±6.17 
LBM(kg) 38.6±5.35 38.2±4.23 
BMD (..rGS/D) 2.42±0.11 2.73±0.12 
Variace (.l'GS/D) 0.04 0.05 
Steps*1 7829±2169 7625±2220 
Milk (times/week) 2.3±0.79 2.1±0.81 
Calcium (mg/d) 547.2± 181.85 494.1 ± 222.49 
Energy (kcal/d) 1773±321 1772.0±313.4 
~rotein (g/d) 71.1± 11.35 70.6±15.56 
V02max (mllkg/min) 34.0±9.57 37.9±11.0 
Flexibility (em) 8.6±6.35 7.5±7.65 
Grasping power (kg) 28.6±4.00 29.7±3.64 
Nacl (g/d) 9.2±2.60 9.0±2.89 
*1 daily number of steps 
( 'GS/0\ 3.2 ."-< } 
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1995 
Fig. 2 The change of the bone densty in 1995 and 1996 (the higher value group) 
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Fig. 3 The change of the bone density in 1995 and 1996 (the lower value group) 
leg with one eye closed) shows 54.2 seconds on average, which is as low as 60% of the na-
tional average and is lower than that of last year. In the investigation of the girls in teen 
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Table 4 The data of the four groups 
group___. A B c D 
n=18 n=5 n=49 n=15 
Height (em) 158.8±5.88 160.2±4.01 157.1±5.35 158.2±7.40 
Weight (kg) 53.9±6.38 52.4±3.08 52.6±7.85 52.6±4.52 
BMI (kg/m2) 21.4±2.39 20.4± 1.39 21.3±2.84 21.0±2.32 
LBM (kg) 39.1±4.45 37.3± 1.72 38.3±4.88 38.3±5.15 
BMD (L'GS/D) 2.56±0.16 2.76±0.19 2.52±0.19 2.67±0.19 
Variace (L'GS/D) -0.04 0 0.05 0.13±0.05 
Step 7696.1±2837.84 7979±2610 7639± 1886 8000±1983 
Milk (times/week) 2.1±0.87 2.6±0.80 2.3±0.72 2.5±0.72 
Ca (mg/d) 459.9±200.9 703.4±334.1 543.9 ± 180.99 456.2± 157.73 
Energy (kcal/d) 1707±281 1835±261 1818±343 1674±237 
~rot (g/d) 69.7±10.73 79.9±16.8 71.5±13.79 66.6±12.73 
V02max (mllkg/min) 33.5±7.92 39±17.96 34.7±9.36 41.6±10.84 
Flexibility (em) 9.5±5.30 12.0±6.66 7.3±7.61 7.4±6.00 
Grasping power (kg) 30.5±2.59 31.3±3.24 28.4±3.92 29.1±4.34 
-age,5l their physical flexibility has been proved to be an important element so that BMD 
can be raised. The maximum oxygen intake of my subjects was 80% of the national aver-
age. The group D walked daily 8000 steps on average, which is higher in value than the 
other 3 groups. Though the higher BMD group showed high value in the item of the 
grasping power, which denotes an index to the muscle force,6l the significant difference 
among them could not be recognized. 
3. Properties of blood : The average value was within the range of the standard value. 
Some subjects, however, had unusually high values of tri-gly 207 (mg/dl). In this investi-
gation, the difference among the 4 groups could not be recognized in all the other items. 
4. Nutrient intake and bone density: As far as the intake of each nutrient is concemed, 
the requirement seems to be approximately met. 7l The ratio of energy intake to its re-
quirement, which is 83%, was lower than that of last year. And there was some differ-
ence recognized among the four groups. Though a calcium intake was 517 (mg/day) on 
average and the degree of its satisfaction was 87%, the coefficient of variation being 40%, 
which shows that individual difference of calcium intake among the subjects is distinct. 
As for the calcium intake, the group B took the most, and the group D the least. As for 
the salt intake, the subjects took 9 grams on average. This is within a desirable range. 
However, there were some who took 17 ~ 18 grams which surpasses the recommended 
practical intake level. 
5. The survey of dietary life (Figure 4) : A general tendency judged from the questioner 
is that the students do not seem to pay much attention to the combination of various 
types of food, but take a little large quantity of food. They showed a tendency to prefer 
"Westem confectionery" to "Japanese confectionery". As for the frequency of milk intake, 
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(As for the members 1 ~9, see Table 1.) 
Fig. 4 The suevey result of the dietary life 
many girls of the lower BMD group answered they took milk 2 ~ 3 times per week, and 
those who belong to the higher BMD group answered they took milk every day. However, 
the significant difference of the BMD from terms of the frequency of milk intake could 
not be recognized. As for animal food, the higher BMD group showed a preference for 
meat. 
6. Multiple regression: In the higher BMD group, the partial correlation coefficient be-
tween the bone density and "the milk intake frequency" was high (0.258), and that be-
tween the bone density and "the intake energy" was also high (0.202). In the lower BMD 
group, on the other hand, that between bone density and "the number of steps" (0.290) 
and that between the bone density and "maximum oxygen in-take" (0.141) was respec-
tively high. That is to say, the items in which the bone density tend to be in the positive 
direction are different among the groups. 
DISCUSSION 
In this investigation, the items which have the closest relationship with the bone 
density proved to be the number of steps and maximum oxygen intake. It is reported 
that the exercise is effective for the increase as well as the maintenance of the bone den-
sity, and that the person with the walking habit has high bone density.8l The report of 
Fukuoka et. al. indicates that exercise exerts effect over the bone metabolism of those 
who are in the period of growth. Since it has a deep involvement in the interosseous 
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bloodstream, exercise has to be taken to increase the physiological function of the bone 
density. And adequate load addition is also necessary for the maintenance and increase 
of the bone quantity. The correlation between the bone quantity and the level of freed 
-fat was higher than that between the bone quantity and the level of fat. 
Just as Ikeda, et. al. reported9> that there was a significant correlation between the 
bone strength and milk intake in the period of growth, and that between the bone 
strength and the intake of confectionery, and that between the bone strength and the 
body weight, and that between the bone strength and the level of freed-fat, this investi-
gation has proved to be almost same. 
As far as the relationship between the bone density and the physique is concerned, it is 
reported that the bone density becomes higher in proportion to the increase of the body 
weight. 10l However, the body weight control fitted for the prevention of the lifestyle re-
lated disease is required to raise the bone density. 
It is a genetic element that determines the bone quantity greatly. Pocoks N, et. al.11l 
reported that 70 ~ 80% of the maximum bone quantity is affected by a genetic factor. 
However, their environment and daily life have a great influence over their ossification, 
and above all, meals and exercises have. For the prevention of the fracture, the building 
up of the bone strength is effective. Though the factors which determine the bone 
strength are bone structure and ossein such as trabecula, the bone quantity plays a role 
of determining about 80% of the bone strength. The bone not only supports the body 
physically, but plays an important part as an organ for keeping calcium at fixed degree 
in the blood. To do this the cells of ossification and bone resorption have to be in well 
-balanced in their functions. 
In the regions of high calcium intake, BMD is maintained high even among the se-
nile people, which means calcium has been stored since the juvenile stage. It is generally 
said that the physical activity adds to the bone quantity as well as its quality, but that 
the amount of calcium intake determines the degree to which they increase. 
The absorption and efficiency of utilization of calcium have much to do with the food 
containing Vitamin D, Phosphate(P), Protein and etc., in addition to "the calcium con-
tent" and "form of calcium" in the meal. 
It is considered, on the other hand, that the sex hormone secretion effect surpasses 
the effect of taking traces elements such as calcium, Vitamin D, and P in the adolescence 
or the ossification stage. 
Nowadays the change of the life style has caused the increase of the intake of the 
processed food including food addives such as various phosphoric acids. It is known that 
a phosphorus intake of 1000-2000 mg/day suppresses the excretion of urinary calcium. A 
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superfluous intake of the phosphorus over 2000 mg/day makes calcium balance negative. 
The intake ratio of calcium and phosphoric is the most effective when the proper quan-
tity of milk and meat are taken. 
A superfluous intake of the kitchen salt increases the excretion of calcium into the 
urinary. And a superfluous intake of polymerization phosphoric acid involved in the proc-
essed food inhibits the calcium absorption from the intestine by forming phosphoric acid 
calcium. The necessity of the guidance to the intake of the proper quantity of kitchen salt 
and processed foods has been indicated for the persons taking too much of them. 
The age at which people gain the largest bone density was considered above the mid-
dle part of their teens until recently. Various reports, however, proved that the age of ac-
quiring it has clearly come down to the middle part of their teens. 
The second metacarpal bone measured this time reaches its peak in bone mass when 
people are in their thirties. It consists mainly of in cortical bone and has an advantage of 
not being affected by fat. 
In order to grasp the process of the change of the bone density of the whole body in 
the period of growth in detail, it is important to compare the measurement of the cortical 
bone and that of the calcaneum bone having many cancellous bones. 
When the result of the survey was shown to the students, they understood a desir-
able life style habit more deeply than before and were provided with the motivation to 
pay more attention to it. The interest my junior college students have in BMD has 
proved to be higher than expected. The effectiveness of this survey can be seen in that it 
has led to the students' recognition of their own BMD. As a consequence, they will be 
sure to build up better life style in the future. As a means of the health care of the 
youth, it is indispensable to promote the nutrition support service for the health of the 
bone. In the future, the measurements of various parts of bone and the surveys of the 
history of exercise and the intake habit of milk beverage in the past will be continued, 
based upon the students whose ages are the same as those in this survey. It goes without 
saying that the measurements and the survey have a close relationship with BMD. 
This study is subsidized by the research funds of Tezukayama Gakuen in the 8 th 
and 9 th years of Heisei. 
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